Objective The prognosis of patients with hypertensive emergencies has recently improved dramatically owing to the development of effective antihypertensive therapy. We examined the histological and clinical features of patients with hypertensive emergency-related nephropathy. Methods Twelve patients (11 men and one woman) were diagnosed as having hypertensive emergencies with acute renal failure according to the Joint National Committee-7 classification of blood pressure for adults and underwent renal biopsies at our hospital between 1995 and 2008. These patients were enrolled in this retrospective study. Results The age of the subjects was 40.1±9.8 years. At presentation, the mean systolic/diastolic blood pressure was 232±32/146±12 mmHg and none of the patients were being treated with antihypertensive drugs, although 10 patients had histories of hypertension. The mean serum creatinine level was 6.1±4.7 mg/dL. All 12 patients showed left ventricular hypertrophy on echocardiography. On light microscopy of the renal biopsy specimens, all 12 patients showed onion skin patterns of the arterioles; however, no fibrinoid necrosis of the small arteries was found. Electron microscopy revealed electron-lucent widening of the subendothelial zone of the glomerular capillary walls in seven patients. One of the 12 patients did not respond to medical therapy and required regular dialysis. The other 11 patients responded to treatment. Conclusion An onion skin pattern of the arterioles is the most frequent histological finding in patients with hypertensive emergency-related nephropathy. Long-standing hypertension might contribute to this arteriolar change, since left ventricular hypertrophy was also seen in these patients. With strict control of hypertension using antihypertensive medications, the prognosis of patients with hypertensive emergency-related nephropathy can be improved. 
Introduction
The term 'malignant hypertension' has been used to describe a syndrome characterized by elevated blood pressure (BP) accompanied by encephalopathy or acute nephropathy. The term 'malignant' is used because the prognosis of patients with this disease is poor, similar to that observed in patients with malignant tumors such as sarcoma and cancers. However, strict control of blood pressure with antihypertensive therapy has improved the prognosis of patients with this condition, and the term has been removed from the National and International Blood Pressure Control guidelines. The condition is now best referred to as a 'hypertensive emerNephrology Center, Toranomon Hospital, Japan, Okinaka Memorial Institute for Medical Research, Toranomon Hospital, Japan and Department of Pathology, Toranomon Hospital, Japangency' (1, 2) . According to the 2007 Management of Arterial Hypertension guidelines of the European Society of Hypertension and the 2009 Guidelines for the Management of Hypertension of the Japanese Society of Hypertension, malignant phase hypertension must be regarded as a hypertensive emergency (3, 4) . The chief structural change of the kidneys associated with a hypertensive emergency is fibrinoid necrosis of the small arteries and arterioles, called malignant nephrosclerosis (1, 5) . In this study, we investigated renal impairment and clinical findings in 12 patients with hypertensive emergencies.
Materials and Methods
Twelve patients who were diagnosed as having hypertensive emergencies and underwent renal biopsies at Toranomon Hospital between 1995 and 2008 were enrolled in this retrospective study. Hypertensive emergency was diagnosed according to the Joint National Committee (JNC)-7 classification of blood pressure for adults and defined as a severe elevation in blood pressure (>180/120 mmHg) associated with evidence of impending or progressive target organ dysfunction (6) . Patients with definite renal artery stenosis or endocrine hypertension were excluded. Informed consent was obtained from each patient when the renal biopsies were performed. All patients were admitted to our hospital to undergo both clinical and histological evaluations, and treatment.
Laboratory data
Blood and urine samples were collected from all patients on admission. The laboratory tests included measurements of the levels of creatinine, urea nitrogen (UN), sodium (Na), potassium (K), chloride (Cl), renin and aldosterone (at rest in the morning). The blood gas analyses included the values of pH, bicarbonate (HCO3 -), anion gap (AG) and adjusted HCO3
-(the measured serum bicarbonate value plus the AG). Twenty-four-hour urine samples were used to measure protein, Na and K excretion. The number of erythrocytes was counted per high-power field by examining a resuspended urine sediment.
van den Born et al. defined microangiopathic hemolysis (MAHA) related to malignant hypertension as follows: (1) a low platelet count (<150×10 9 /L) together with either an elevated lactic dehydrogenase (LDH) level (>220 IU/L) or detection of schistocytes or both and (2) normalization of the platelet count, the LDH level and/or the presence of schistocytes after achieving adequate blood pressure control (7) . Accordingly, we also investigated the levels of platelets, LDH and haptoglobin (Hpt).
Diagnostic imaging
Chest radiographs were used to calculate the cardiothoracic ratio (CTR). Echocardiography was employed to assess interventricular septal thickness (IVST) (normal: 6-10 mm), posterior wall thickness (PWT) (normal: 6-10 mm) and left ventricular internal diameter at end-diastole (LVIDd) (normal: 34-54 mm (9) . In each case, abdominal ultrasound was performed to measure the maximum length of both kidneys.
Renal biopsy
Fixation and processing of the biopsy specimens All renal biopsy specimens obtained from the 12 patients were examined with light microscopy (LM), direct immunofluorescence (IF) and electron microscopy (EM) by at least two pathologists. All specimens for LM were fixed in 6% formalin, embedded in paraffin, cut into 1-2-μm sections and stained with hematoxylin and eosin (HE), periodic acid Schiff (PAS), Weigert's elastica-van Gieson, Masson trichrome or periodic acid methanamine silver (PAM) stain. Specimens for direct IF were snap-frozen in a mixture of dry ice and acetone and cut into 3-4-μm sections on a Damon/IEC cryostat at -20 . After being fixed in acetone, the sections were incubated with fluorescein isothiocyanateconjugated (FITC) rabbit antiserum for human immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), C1q and C3 (Behringwerke, Marburg, Germany and Fuji Zoki, Japan) in a moist chamber at 37 for 30 minutes. The slides were examined under an Olympus fluorescence microscope (Japan) equipped with an optimal excitation and barrier filter for FITC. For EM, renal biopsy cores were preserved in 3% phosphate-buffered glutaraldehyde, diced into 1-mm cubes, rinsed in distilled water, transferred to 1% aqueous osmium tetraoxide and embedded in TAAB Emix resin. Sections were cut at 0.5 μm, mounted on glass slides and stained with 1% aqueous toludine blue in 1% sodium tetraborate for 15 seconds on a hot plate at 150 . After cooling, light microscopy was performed to find assessable glomeruli. Then, ultrathin sections were cut with a diamond knife on a Leica Ultracut E ultramicrotome and coated with gold particles having a diameter of approximately 95 nm. The sections were stained using immersion for seven minutes in 50% alcohol-saturated uranyl water and three minutes in Reynolds lead citrate followed by three washes in distilled water. Next, the sections were examined under a Pillips 400 transmission electron microscope.
Statistical analysis
The data are expressed as the mean ± standard deviation (SD). The SPSS software package (SPSS 11.0 for windows; SPSS Inc., Chicago, IL, USA) was used for all analyses. sCre: serum creatinine, *6 RBC sed: Red blood cell sediment, *7 M: male, *8 F: female, *9 Never: never take blood pressure, *10 Gouty N: gouty nephropathy, *11 IgA N: IgA nephropathy, 
Results

Clinical and laboratory characteristics
The clinical and laboratory characteristics of the 12 patients at presentation are shown in Tables 1, 2 . The patients (11 men and one woman) were aged 40.1± 9.8 years (range: 29 to 62 years). The mean systolic/diastolic BP was 232±32/146±12 mmHg (180-300/130-160 mmHg), and none of the patients were being treated with antihypertensive medications at presentation. Two patients (pg/mL) Xp: X-ray photograph, *2 Renin (normal; 3.4-21.3 pg/ml), *3 Ald: aldosterone (normal; 3.0-15.0 ng/dL), nd: no data had never undergone blood pressure measurement before presentation; however, 10 patients had been diagnosed with hypertension previously. Eight of these 10 patients had not been treated, while two patients had taken antihypertensive medications for some time, after which treatment had been discontinued. Case 6 involved a history of IgA nephropathy. Six years before the onset of hypertensive emergency, he had been diagnosed with IgA nephropathy, H-Grade Iand C-Grade I(according to the clinical guidelines for IgA nephropathy in Japan, third version). Case 4 involved a history of gout; however, the renal function was normal at the time of diagnosis. Nine patients had symptoms of heart failure (shortness of breath and generalized edema), and five patients had hyper- tensive encephalopathy (headache, vomiting and seizures). The initial laboratory findings were as follows: serum urea: 48.9±30.0 (20-112) mg/dL, serum creatinine: 6.1±4.7 (2.1-18.5) mg/dL and urinary protein excretion: 1.79±1.33 (0.50-4.14) g/day. The urinary sediment contained 11-30 erythrocytes per high power field (HPF) in two patients, 6-10 erythrocytes/HPF in two patients, 1-5 erythrocytes/HPF in six patients and <1 erythrocyte/HPF in two patients. The mean serum renin concentration was 61.7±40.9 (18.1-140.7) pg/mL (normal: 3.4-21.3 pg/mL). Eleven of 12 patients showed elevated renin concentrations. The mean aldosterone concentration was 37.1±17.1 (20.1-81.5) ng/dL (normal: 3.0-15.0 ng/dL), and all 12 patients showed elevated aldosterone concentrations. The mean serum K level was 3.4±0.4 (3.0-4.1) mEq/L (normal: 3.7-4.8 mEq/L). Although all patients had renal dysfunction, the serum K levels of all 12 patients were within the reference range. The mean value of urinary K excretion was 30.3±9.4 (18-48) mg/day, and 10 patients showed excretion levels of more than 20 mEq/day. The hypokalemia observed in these patients could be explained by excessive urinary excretion of K because aldosterone promotes the passing of potassium secretion from the tubules into the urine. On the arterial blood gas analyses, the mean pH was found to be 7.38±0.11 (7.12-7.48) (normal: 7.36-7.44). Six of seven patients had a pH >7.36. Five of these patients showed a serum bicarbonate level >22 mEq/L, and all six patients had an adjusted serum bicarbonate level >22 mEq/L despite having renal failure. These data were compatible with a diagnosis of metabolic alkalosis.
Case 11 included evidence of MAHA. The laboratory findings were as follows: platelet count: 33±10 9 /L; LDH: 931 IU/L; Hpt: 9 mg/dL.
The mean CTR on the chest X-ray films was 51.4±8.1% (37.7-64.9%), and nine patients had a CTR >50%.
The mean left ventricular mass index (LVMI) on echocardiography was 161.1±46.1 (114.2-200.0) g/m 2 . All 12 patients showed diffuse left ventricular hypertrophy. No other cardiac involvement was observed, including valvular disease. The mean maximum kidney length was 101.8±8.0 (90-119) mm on the right side and 100.6±7.2 (88-110) mm on the left side. No significant differences in maximum length were found between the kidneys.
Histological findings
The renal histologic findings are summarized in Table 3 . On light microscopy, all 12 patients showed concentric subendothelial edematous thickening (an onion skin pattern) of the arterioles with narrowing or obstruction of the vascu- (A) (B) (C) lar lumen (Fig. 1A) . However, no fibrinoid necrosis of the small arteries or arterioles was found in any of the patients. Collapse of the glomeruli was found in all 12 patients (Fig. 1B) , and focal glomerulosclerosis was seen in 11 patients (Fig. 1C) . Cellular crescent formation was detected in seven patients (Fig. 1D) . Moderate (25% to 50%) to severe (over 50%) interstitial fibrosis or edema was detected in all 12 patients. Case 11 with definite MAHA involved lumimal obstruction of the arterioles with subsequent ischemic glomerular and tubular changes; however, no thrombosis of the interlobular arteries was observed.
Electron microscopy revealed the electron-lucent widening of the subendothelial zone of the glomerular capillary walls in seven patients ( Fig. 2A) , wrinkling of the glomerular capillary walls in all 12 patients (Fig. 2B ) and the thinning of the capillary walls with luminal dilatation in seven patients (Fig. 2C) .
Immunofluorescence was negative for IgG, IgA and C3 in 11 patients; however, one patient (Case 6) showed positive staining for IgA in mesangial areas that contained electrondense deposits on EM. Therefore, coexisting IgA nephropathy was diagnosed.
A repeat biopsy was performed in one patient only (Case 11), performed 12 months after the patient's hypertension was controlled with antihypertensive therapy and the serum creatinine level had decreased from 11.6 mg/dL to 1.6 mg/ dL. Disappearance of the onion skin pattern in the patient's arterioles was confirmed.
Prognosis
In the acute phase, all patients were treated with antihypertensive agents such as calcium channel blockers, alfa1-blockers and beta-blockers. After BP control was obtained, an Angiotensin Converting Enzyme Inhibitor (ACE-I) or Angiotensin II Receptor Blocker (ARB) was added. In this study, long-standing derivatives of ACE-I or ARBs were administered in 10 patients to obtain more strict control of hypertension during the chronic phase. Table 4 lists the antihypertensive drugs that were given following hospitalization for each patient. In all patients, the blood pressure was maintained within normal limits or within the limits of prehypertension defined according to the Joint National Committee (JNC)-7 classification of blood pressure for adults (6) .
Only one of 12 patients (Case 5) did not respond to medical therapy; that patient's renal failure progressed, and he required maintenance dialysis. The other 11 patients (including two patients who required temporary dialysis) responded to medical treatment. Nine patients are still doing well. In these nine patients, the mean creatinine level decreased significantly from 6.68±5.30 (2.1-18.5) to 2.69±1.20 (1.4-5.4). However, two patients (Cases 3 and 9) discontinued antihypertensive therapy, and their renal function again deteriorated and they required maintenance dialysis thereafter. The renal prognosis in Case 6, which involved the coexistence of IgA nephropathy, was not found to be significantly different from that observed in the other cases.
Discussion
Hypertensive crisis is defined as a significant increase in BP, usually to above 180/120 mmHg and is classified as either urgency or emergency. Hypertensive urgency is defined as a severe elevation in BP that has not caused target organ dysfunction. Hypertensive emergency is defined as a severe elevation in BP (>180/120 mmHg) associated with evidence of impending or progressive target organ dysfunc- In developed countries, the widespread use of antihypertensive agents has reduced the incidence of hypertensive emergencies, a conclusion supported by several indirect observations (1). In addition, dramatic advances in both inhospital and outpatient treatment of hypertensive emergencies have led to markedly improved prognoses, with decreases in the 1-year mortality rate from 80% (1928) to 50% (1955) to 10% (1989) (10) . Despite the availability of treatment, hypertensive emergency remains an important and under-researched condition. It is estimated that approximately 1% of patients with hypertension will develop a hypertensive crisis at some point during their clinical course (11) .
Histological examinations of renal biopsy tissue specimens obtained from the patients with hypertensive emergencies have revealed two types of arteriolar lesions (5, 12, 13): namely, fibrinoid necrosis of the arterioles displaying bright reddish staining for fibrin or edematous (mucoid, myxoid or onion skin) thickening of the intima in arterioles up to the arcuates without fibrinoid necrosis. The former type is considered to be typical of this condition. Either a normal blood pressure or a recent onset of hypertension as primary malignant hypertension is pathognomonic. The other type involves long-standing uncontrolled hypertension that is considered to be secondary malignant hypertension. Glomerular lesions follow the vascular changes. Collapse with wrinkling of the capillary loops and increases in the mesangial matrix associated with segmental sclerosis of the glomerular tufts are often seen.
The presence of severe tubulointerstitial lesions, such as those of fibrosis or atrophy, is another characteristic of patients with this disease. Atrophic tubules are frequently located near collapsed glomeruli. Luminary narrowing caused by intimal thickening of the small arteries may easily load ischemic damage to the medullary outer zone, resulting in tubulointerstitial damage.
Immunofluorescence reveals fibrinogen in areas of fibrinoid necrosis, while other immunoglobulins and complement components are detected nonspecifically at sites of injury.
On electron microscopy, wrinkling of the glomerular capillary walls is the most frequent feature. Capillary dilatation mimicking microaneurysms is also seen. Subendothelial widening with formation of a new basement membrane occurs subjacent to the swollen endothelial cells of the glomerular tuft.
Treatment of hypertensive emergencies involves immediate BP reduction (not necessarily to the normal range) to prevent or limit target organ damage (11) . If renal insufficiency is caused by a hypertensive emergency, then antihypertensive drugs that preserve the renal blood flow (such as calcium channel blockers or α-adrenergic blocking agents) are needed. If hypertension remains severe or refractory, other vasodilators, such as sodium nitroprusside, dopamine type 1 receptor agonist (fenoldopam) or direct-acting arteriolar dilators (hydralazine), can be used (14) . After stable BP control is achieved with intravenous agents and end-stage organ damage is controlled, oral therapy can thus be initiated as the intravenous agents are slowly titrated down (2) . ACE-I and ARBs have demonstrated favorable effects on the collapse of glomerulus Glomerular progression of diabetic and nondiabetic renal disease during the chronic phase. However, these drugs are not recommended for use as first-line agents in patients with acute hypertensive emergencies at high risk for circulatory decompensation because these drugs have the potential to cause acute renal failure and or hyperkalemia (9, 15) . We examined the histological and clinical features of patients with nephropathy and hypertensive emergency. Many of our patients had a history of hypertension that had been left untreated. Whether their blood pressures were markedly elevated for long periods is uncertain. However, ultrasonographic examinations indicated severe left ventricular hypertrophy in the patients with a mean age of 40.1 years, suggesting the existence of long-standing hypertension. The serum renin level of these patients was very high. Additionally, all patients showed onion skin lesions; however, fibrinoid necrosis was not observed. In one patient, disappearance of the onion skin pattern was confirmed on a repeat biopsy after treatment with antihypertensive agents, including an ACE-I or ARB, was administered. These findings suggest that long-standing hypertension (i.e. secondary malignant hypertension) contributes to small arterial injury that results in renal failure.
A hypothetical schematic drawing of the pathogenesis of hypertensive emergency-related nephropathy obtained from our study is shown in Fig. 3 . Hyalinotic stenosis of the afferent arterioles caused by long-standing hypertension may lead to activation of the renin-angiotensin-aldosterone system and other vasoactive substances that maintain a vicious circle between elevated BP and vascular injury. Once renin exacerbates hypertension to levels beyond the autoregulatory range to maintain a normal perfusion pressure in the renal vascular bed, subendothelial edema progresses and glomeruli collapse with complete stenosis of the afferent arterioles. Meanwhile, glomeruli sparing the obstruction of afferent arterioles are affected by efferent arteriolar constriction caused by renin, resulting in glomerular hypertension (16) . Then, glomerular hypertension induces thinning of the capillary walls and balloon-like dilatation of the capillaries with subendothelial edema. When glomerular hypertension progresses beyond the autoregulatory range, partial disruption of the capillary walls develops, resulting in focal glomerulosclerosis caused by partial collapse (12) . Crescent formation results from supportive endothelial proliferation from the Bowman's capsules secondary to disruption of the capillary walls (17) .
Only one of the 12 patients (Case 5) did not respond to medical therapy. Compared to the other patients, this patient had massive proteinuria. It is important to remember that the renal histology showed that almost all of this patient's glomeruli had collapsed, and most of the remaining glomeruli showed segmental glomerulosclerosis. This case may have involved the coexistence of nephropathy with an etiology unlike hypertensive emergency (e.g. primary focal segmental glomerulosclerosis).
In conclusion, our study suggests that an onion skin pattern of the arterioles is the most frequent histological finding of this disease. Long-standing hypertension may contribute to the development of arteriolar lesions, since left ventricular hypertrophy was also seen in these patients. If hypertension is treated effectively with antihypertensive drugs, including ACE-Is or ARBs, the prognosis of patients with hypertensive emergency-related nephropathy can be improved.
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